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Claims 



1. A semiconductor integrated circuit device characterized in that a first well region of 
either the first conductivity type or the second conductivity type is provided on the principal 
surface of a semiconductor substrate of the first conductivity type; in that a second well region of 
either the second conductivity type or the first conductivity type is provided in said first well 
region; and in that a semiconductor element is provided on the principal surface of said second 
well region. 

2. The semiconductor integrated circuit device of Claim 1 characterized in that the 
aforementioned semiconductor element is a MISFET, which stores nonvolatile information and 
electrically erases nonvolatile information; in that the aforementioned first well region will have 
an erasing potential applied when the information is erased; and in that the potential at the 
aforementioned second well region will be higher than the erasing potential applied when the 
information is erased. 

3. The semiconductor integrated circuit device of Claim 1 characterized in that the 
aforementioned semiconductor element is either a p-channel MISFET or an n-channel MISFET, 
which constitutes a complementary MISFET; and in that the aforementioned second well region 
is an element isolation region, which electrically isolates the semiconductor element on the 
principal surface of the first well region and the other semiconductor elements. 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a semiconductor integrated circuit device. In particular, 
it pertains to a technology that is effective when applied to a semiconductor integrated circuit 
device with nonvolatile storage function. 



Prior art 

The memory cell of the EEPROM (Electrically Erasable and Programmable ROM) , 
which stores nonvolatile information by injecting carriers in the gate insulation film of MISFET 
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and electrically erases the nonvolatile information, is provided in a well region. This is because 
information is erased by applying ground potential (Vss) of the circuit, for instance OV, to the 
gate electrode, and by applying a high potential (Vpp), for instance, 15 V, to the aforementioned 
well region. The technology related to the EEPROM is, for instance, discussed in "Nikkei 
Electronics" published by Nikkei McGraw-Hill, June 4 ; 1984 issue, pp. 197-208. 

Problems to be solved by the invention 

When a high potential is applied to a well region, it is necessary to maintain a state of 
reverse bias between the well region and the substrate by applying a potential higher than the 
potential (Vpp) to the substrate. 

Through studies on the subject, the present inventors found out erasing information on a 
semiconductor integrated circuit requires a long time since the erasure entails bringing the entire 
substrate to a potential that is higher than the program potential (Vpp). And because the volume 
of the substrate is large, it takes a relatively long time to raise the substrate potential. 

There is another problem. Because a potential higher than the potential (Vpp) is applied 
to the substrate, the threshold value of MISFET provided on the substrate fluctuates significantly 
due to the substrate effect; thus, peripheral circuits easily tend to faulty operation, 

A purpose of the present invention is to offer a technology to improve the electrical 
characteristics of a semiconductor integrated circuit device. 

Another purpose of the present invention is to shorten the erasing time of a 
semiconductor integrated circuit device that has nonvolatile storage function. 

.Another purpose of the present invention is to improve the operating stability of a 
semiconductor integrated circuit device that has nonvolatile storage function. 

The aforementioned and the other purposes and the novel features of the present 
invention will be disclosed in the description of the present specifications and the attached 
tlgures. 

Means to solve the problems 

The invention as disclosed in the present application example will be summarized as 

follows: 

A first well region is provided on a semiconductor substrate; a second well region is 
provided in the first well region; and a semiconductor element is provided in the second well 
region. 



JUL-03-26B3 3S:3Q TI 972 917 4417 P. 

4 

Operation 

According to the aforementioned means, since a first well region is provided, the J 
potential of the substrate can be set irrespective of the potential of the second well region where 

i 

the semiconductor element is provided. Therefore, the aforementioned purpose can be realized. 

Next, the constitution of the present invention will be explained along with application 
examples. 

Application Example 1 

In Application example 1, the present invention is applied to EEPROM memory cells. 

Figure 1A and Figure IB schematically illustrate the operation of a memory ceil that is 
realized by the present invention. Figure 1 A illustrates the selection operation in byte writing 
operation; and Figure IB illustrates the selection operation in byte erasing operation. In both 
Figure 1 A and Figure IB, in each of the memory cells (M,) - (MJ, enough cells that are identical 
to this are prepared for one byte. These execute the writing or the erasing operations batchwise. 

In Figure 1 A and Figure IB, (M,) - (M 4 ) are memory cells. Each is comprised by 
connecting a selection MISFET (Qs) and an MNOS (Metal Nitride Qxide Semiconductor) type 
MISFET (Q N ) in series. The WLS is a selection word line to select the selection MISFET (Q s ), 
which is connected to the gate electrode of the selection MISFET (Q s ). The selection word line 
( WL S ) is selected by an X decoder, which is not illustrated. To the word line (WLS), the X 
decoder applies either a high level (the potential of the power source (V cc ), for instance, 5 V) or 
a low level (ground potential (V ss ) of the circuit, for instance, 0 V). The selection word line 
(WLg) extends in the horizontal (X) direction in Figure i . In parallel to the selection word line 
(WL S ), a high-level word line (WL H ) extends, and is connected to the gate electrode of the 
MNOS. The high-level word line ( Wl^) is selected by an X decoder (or a high-level decoder), 
which is not illustrated. To the high-level word line (WL H ), the X decoder applies the program 
potential (Vp P ), for instance, 1 5 V or ground potential (V ss ) of the circuit. In the direction that 
crosses the selection word line (WL S ) and the high-level word line (WLh), that is, in the vertical 
(Y) direction in Figure 1, the data line (DL) extends. The data line (DL) is connected to the 
source region of the selection MISFET (Qs) of each memory cell. The data line (DL) is selected 
by a Y decoder, which is not illustrated. The data line (DL) may have a potential (V^) applied by 
the Y decoder or may float. To the source region of the MNOS(Qn), a write protect line or a 
source line (PL) is connected The write protect line (PL) runs parallel to the data line (DL), that 
is, in the Y direction in Figure I . The write protect line (PL) is selected by a Y decoder (or a 
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write protect circuit), which is not illustrated. To the write protect line (PL), the potential (V ss ) or 
(Vpp) is supplied by the Y decoder. Memory cells are provided in the respective regions that 
correspond to each of the selection word line (WL S ), high-level word line (WL H ), data line (DL) 
and write protect line (PL), which are arranged in a complex manner in the X and the Y 
directions to constitute memory cell array. 

The p-well is a p-type well region. In this p-type well region (p-well), memory ceils are 
provided. When memory eel! arrays are divided into several mats [sic; sections], a p-type well 
region (p-well) may be provided for each mat. Or the p-type well region (p-well) may be made 
large enough to contain the entire memory cell array. The aforementioned p-type well region 
(p-well) is provided in an n-type well region (n-well). When the p-type well region (p-well) is 
divided into mats, the n-type well region (n-well) may be provided for each mat corresponding to 
the p-type well region (p-well), or it may be made large enough to contain the entire p-type well 
region (p-well). 

Next the operation of the memory cells will be explained. 

Figure 1 A illustrates a case of information writing where information is written to the 
memory cell (M ( ). The selection word line (WL S ) connected to the memory cell (M,) to which 
information is written is selected by an X decoder, which is not illustrated, and a power source 
potential (Y cc ), for instance, 5 V (high level) is applied to the selection word line (WL S ). The 
other selection word lines (WL S ) except for the selection word line (WL S ) connected to the 
selected memory cell (Mj) are set to ground potential (V ss ) of the circuit, for instance, 0 V (low- 
level). To the high-level word line (WL H ) connected to the gate electrode of the MNOS(Q N ) of 
the selected memory cell (M.), program potential (V pp ), for instance, 15 V is applied. The other 
high-level word lines (WLh) are set to ground potential (V^) of the circuit. The data line (DL) 
coanected to the selected memory cell (M,) is set to ground potential (V ss ) of the circuit, for 
instance, 0 V (low level). The other data lines (DL) will be made at open state (floating). At this 
time, the actual potential will be made approximately 3 V, for instance, by the previous 
precharge operation of data lines, etc. (This will also apply to the following open states). To the 
write protect line (PL) connected to the selected memory cell (M,), ground potential (V ss ) of the 
circuit is applied, and this line will be the source line. To the other write protect lines (PL), a 
program potential (Vpp)> f° r instance, 15 V, is applied. 

In writing, all p-type well regions (p-well) with built-in memory cells will be at potential 
(V^) of the circuit, for instance, 0 V. Also, all n-type well regions (n-well) will be at potential 
(V ss ) of the circuit, for instance, 0 V. 
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When the aforementioned circuit conditions are set, minority carriers (electrons) will be 
injected into the gate insulation film of the MNOS (Q^ of the selected memory cell (M,), and 
the information will be written. Since no high voltage (V p? ) is applied at all to the memory cell 
(M 2 ) f no writing will occur. To the memory cell (M 3 ), a high voltage (V pp ) is applied from the 
write protect line (PL) to prevent writing. In this manner, the potential difference between the 
gate electrode and the channel region will be substantially smaller, and writing will not occur. 
With regard to the memory cell (M 4 ), since the potential of drain or channel region is higher than 
the potential of gate electrode, no writing will occur (it will not be in an erasing state, either). 

In the writing operation, since the p-type well region (p-well) is at ground potential (Vss), 
the potential of the p-type substrate (1) can also hold ground potential. Furthermore, as an n-type 
region (n-well) with a fixed potential (for instance, ground potential) applied to it is provided 
between these, even if the potential of the p-type well region (p-well) fluctuates, the potential of 
the substrate (1) will not fluctuate. Therefore, the peripheral circuits of the memory cell array can 
operate stably. 

Next, the erasing operation will be explained. 

Figure IB illustrates a case where information is erased from the memory cell (M,). The 
selection word line (WL S ) connected to the memory cell (M,) from which the information is 
erased is selected by an X decoder, which is not illustrated, and a power source potential (V^), 
for instance, 5 V, is applied to the selected word line (WL S ). The other selection word lines 
( \VL S ) will be set to ground potential (V^ of the circuit. The high-level word line (WL H ) 
connected to the MNOS(Q N ) of the selected memory cell (M,) is set to ground potential (V ss ), for 
instance, 0 V. The other high-level word lines (WLh) will have a program potential (V PP ), for 
instance, 15 V, applied. In the erasing of information, all write protect lines (PL) will be set to 
the program potential (V pp ). Also, all data lines (DL) will be at open state (floating). 

To the p-type well region (p-well) where the selected memory cell (M } ) is provided, 
program potential (V FP ), for instance, 15 V, is applied. The other p-type well regions (p-well) 
will be at ground potential (V^) of the circuit, for instance. 0 V. The n-type well region (n-weJl) 
where the selected memory cell (M,) is provided is at a potential (Vpp) + a (for instance, 16 V), 
that is, a potential higher than the program potential (V p? ), so that the reverse bias condition 
between this and the p-type well region (p-well) will be met. The other p-type well regions 
(p-well) except for the p-type well region (p-well) where the selected memory cell (M,) is 
provided, and the n-type well region (n-well) that contains this p-type well region (p-well) are at 
ground potential (V S5 ) of the circuit. 
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When this circuit condition is set, the carriers in the gate insulation film of only the 
memory cell (M,) from which the information is to be erased will be emitted; thus, the 
information will be erased. Since there is no potential difference between the gate electrode and 
the channel region of the memory cells (M 2 ) or (M 3 ), no erasing will occur. The memory cell 
(M 4 ) will be in the same state as the memory cell (M 3 ) in Figure 1 A, thus no erasing will occur 
(no writing will occur, either). 

As mentioned earlier, in the erasing operation, both the n- and p-type well regions 
(n-well) and (p-well) will be at ground potential Therefore, the potential of the substrate (1) will 
have no effect. On the one hand, the potentials of the n- and p-type well regions (n-well) and 
(p-well) where the selected memory cell (Ml) is formed will respectively be at V pp + a and V pp . 
By setting a to an appropriate value (0.7 V or above), a reverse bias can be made between the 
regions (n-well) and (p-well). Also, since the n-type region (n-weil) is provided, the potential of 
the substrate (1) can be kept at ground potential (V ss ), and can also be stable without being 
affected by the potential variation of the region (p-well). Therefore, the peripheral circuits of the 
memory cell array can be operated reliably. 

The potentials of these well regions (n-well) and (p-well) are provided by a bias voltage 
generating circuit and its control circuit, which are not illustrated. The bias voltage generating 
circuit comprises various known high- voltage circuits, and generates the voltage V pp or 
Vpp+ a, which have a higher voltage than the power source voltage (V cc ). The voltage (V pp ) for 
the word line and the write protect line is also generated by this circuit. Only at the time of 
erasing, the control circuit (erasing circuit) generates the voltage (V Dp ) + a, and the voltages (V pp ) 
and (V PP ) + a are respectively applied to the n-type and the p-type well regions (n-well) and 
(p-well). 

At the time of erasing, only the n-type and the p-type well regions, in particular, in case 
of byte erasing, which is illustrated in Figure IB, only one each of the n- and p-type well.regions 
where the memory cell (M { ) ro be erased is formed, need to have the voltage raised instead of 
raising the potential of the entire substrate (1) to a high potential (V pp ) or (V p? ) + a. Therefore, 
the load on the bias voltage generating circuit can be low; the circuit can be made compact; and 
the power consumption can be reduced. Also, the time needed for raising the voltage will be 
shorted, thus the erasing operation can be executed quickly. 

To erase the entire chip, the potentials of the word line, data line, write protect line and 
wells can be set so that the potential conditions that are the same as those for the memory cell 
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(Mj) in Figure IB will occur to all of the memory cells. Even in this case, the same advantage 
can still be enjoyed compared to raising the voltage of the entire substrate (1). 
Next, the specific constitution of the device will be explained. 

Figure 2 is a top view of an EEPROM memory cell, and Figure 3 is a cross sectional view 
of an EEPROM chip. Region A is an equivalent diagram of the cross section of peripheral 
circuits such as address decoder, clock circuit, sense amplifier, etc., and region B is an equivalent 
diagram of the cross section of the memory cell. In Figure 2, no insulation films except for field 
insulation film are illustrated to allow easy recognition of the constitution. 

In Figure 2 and Figure 3 ? (1) is a semiconductor substrate composed of p-type 
monocrystalline silicon, and a field insulation film (6) composed of silicon oxide film is 
provided on the surface. The field insulation film (6) specifies the element region of 
semiconductor elements such as MISFET, etc., in region (A), and in region (B), it specifies the 
pattern cf the memory cell Under the field insulation film (6) on the surface of the 
semiconductor substrate (1) and the surface of the p-type well region (3) except for the n-type 
weil region (2), which will be discussed later, a p-type channel stopper region (5) is provided. 

As illustrated in region (B) of Figure 3, a deep n-type well region (2) is provided in the 
memory cell array region of the semiconductor substrate (1). in Figure 2, to allow easy 
recognition of the constitution, the n-type well region (2) is omitted from the illustration. On the 
principal surface of the n-type well region (2), a p-type well region (3), which is shallower than 
the n-type well region (2) is provided. The n-type well region (2) is formed deeper and wider 
than the p-type well region (3). That is, the p-type well region (3) is provided so as to be 
contained in the n-type well region (2). Both n-type well region (2) and p-type well region (3) are 
provided for each mat of memory cell array, or for each byte, and furthermore so as to contain 
die entire memory cell airay. Therefore, the n*type well region (2) is not provided over the entire 
principal surface of the semiconductor substrate (1). The largest area would be approximately as 
large as that of the memory cell array region. Thus, the volume of the n-type well region (2) is 
much smaller than that of the semiconductor substrate (1). The part of the n-t>pe well region (2) 
around the p-type well region (3) partially reaches the surface of the semiconductor substrate (1). 
A conductive layer (19) composed of the first aluminum layer is connected by a via hole (20) to 
the surface of the n-type well region (2) around the p-type well region (3), which reaches the 
surface of the semiconductor substrate (1). The conductive layer (19) applies a potential, which is 
the program potential ( V PP ) or higher, to the n-type well region (2) at the time of erasing 
information. That is, it is constituted so that a reverse bias will be applied between the n-type 
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well region (2) and Ihe p-type well region (3) when the information is to be erased. Also, when 
information is not to be erased, the conductive layer (19) applies ground potential (V ss ) of the 
circuit, for instance, 0 V, to the n-type well region (2). The n'type semiconductor region (26) is 
provided on the surface of the pan of the n-type well region (2) where the conductive layer (19) 
is connected. That is, the conductive layer (19) is connected to the surface of the n + type 
semiconductor region (26). A conductive layer (17) composed of the first layer of aluminum is 
connected through a connection hole ( 1 8) to a prescribed part on the surface of the p-type well 
region (3). Program potential (V PP ) is applied to the p-type well region (3) through this 
conductive layer (1 7) when information is erased and ground potential (V ss ) of the circuit is 
impressed when information is not erased. On the surface of the p-type well region (3) at the part 
where the conductive layer (1 7) is connected, a p^-type semiconductor region (25) is provided. 
That is, the conductive layer (17) is connected to the surface of the p-type semiconductor region 
(25). 

As mentioned earlier, the n-type well region (2) is raised to program potential (V pp ) or 
higher when information is erased. And since the volume of the n-type well region (2) is much 
smaller than the volume of the semiconductor substrate (1), the n-type well region (2) is charged 
faster than the semiconductor substrate (1). That is, the voltage of the n-type well region (2) is 
quickly raised to program potential (V pp ) when information is erased. 

The selection MISFET (Q s ) of the memory cells (M) illustrated in Figure 1 comprises, as 
illustrated in Figure 2 and region B of Figure 3, a gate electrode (11) composed of polycrystalline 
silicon layer, an nMype semiconductor region (24), which is the source/drain region, and a gate 
insulation film (7) composed of a silicon oxide film. The gate electrode (11) is formed integrally 
with the selection word line (WL S ), and extends on the gate insulation film (7) and the field 
insulation film (6). The top of the field insulation film (6) is the selection word line (Wis) and on 
top of the gate insulation film (7) is the gate electrode (1 1). An insulation film (36) made of a 
silicon oxide film covers the side surface and the top surface of the gate electrode (1 1) and the 
selection word line (WL S ). The n"-type semiconductor region (24) is provided on the surface of 
both side parts of the gate electrode (1 1) of the p-type well region (3). The n*-type semiconductor 
region (24), which is the drain region of the selection MISFET (Qs), is formed integrally with the 
drain region of the selection MISFET (Q s ), which is adjacent relative to the identical via hole 
(1 6) of the data line (15). The n 4 -type semiconductor region (24), which is the source region of 
the selection MISFET (Qs), is integrally foimed with the drain region of the MNOS (Q N ), which 
will be discussed later. The gate electrode (1 1) and the selection word line (WL$) need not be 
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made of a poiycrystalline silicon film. For instance, they may be formed from a 
high-melting-point metal film such as Mo, W, Ta, Ti, etc., or a silicide film of a 
high-melting-point metal. Or, it may be a double layer film comprised by providing the 
aforementioned high-melting-point metal film or silicide film on top of a monocrystalline silicon 
layer. The MNOS (QN) of the memory cells (M) illustrated in Figure 1, as illustrated in Figure 2 
and region B of Figure 3, comprises the first insulation film (8) composed of an ultra-thin oxide 
(UTO) silicon film of approximately 20 A on a prescribed surface of the p-type well region (3), 
the second gate insulation film (9) composed of a silicon nitride film, which is coated on the first 
gate insulation film (8), a gate electrode (10) composed of a poiycrystalline silicon film, which is 
coated on the second gate insulation film (9), and the n*-type semiconductor region (24) provided 
on both side parts of the gate electrode (10) on the surface of the p-type well region (3). The first 
gate insulation film (8) is provided only on the surface of the p-type well region (3), which is 
exposed through the field insulation film (6). The second gate insulation film (9) is provided not 
only on the first gate insulation film (8) but also on the field insulation film (6). The gate 
electrode (10) is integrally formed with the high-level word line (WLy). That is. on top of the 
field insulation film (6) is the high-level word line (WLh), and on top of the surface of the p-type 
well region (3) except for the field insulation film (6) is the gate electrode (10). The gate 
electrode (10) and the high-level word line (WL^) run parallel to the aforementioned gate 
electrode (1 1) and the selection word line (WL S ). The n + -type semiconductor region (24), which 
is the drain region of the MNOS (Q N ) is integrally formed with the source region of the selection 
MISFET (Q s ). Also, the n + -type semiconductor region (24), which is the source region of the 
MNOS (Q N ), is integrally formed with the source region of the MNOS (Q*) of another memory 
• cell wherein the identical write protect line (13) is connected through the identical via hole (14). 
The gate electrode (10) need not be a poiycrystalline silicon layer. It may also be a 
high-melting-point metal film such as Mo, W, Ta, Ti, etc., or its silicide film. Furthermore, it 
may be comprised by providing the aforementioned high-melting-point metal layer or its silicide 
film on a poiycrystalline silicon layer. To the surface of the n*-type semiconductor region (24), 
which is the source region of the MNOS (Q N ), a write protect line (13) (PL) comprising of the 
first aluminum layer, is connected through a via hole (14). The write protect line (13) crosses the 
selection word (WL S ) and the high-level word line (WLJ 9 and extends on top of them. On the 
side part of this write protect line (13), in parallel thereto, extends a data line (15) (DL) 
composed of the first aluminum layer. The data line (15) runs on top of the selection word line 
(WL S ) and the high-level word line (WLh), and is also connected to the surface of the n*-type 
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semiconductor region (24), which is the source region of the selection MISFET (Q s ), through a 
via hole (16). An insulation film (35) made of, for instance, phosphosilicate glass (PSG) insulates 
the data line (15) from the write protect line (13), and the selection word line (WLs) from the 
high voltage word line (WLjJ. 

Peripheral circuits such as address decoder, sense amplifier, main amplifier, clock circuit, 
etc. are made of complementatry MISFETs, which comprise n-channel MISFET and a p-channel 
MISFET. The aforementioned p-channel MISFET, as illustrated in Region A of Figure 3, is 
constituted in the shallow n-type well region (4) provided on the principal surface part of the 
semiconductor substrate (1). The impurity concentration in the n-type well region (4) is higher 
than that in the semiconductor substrate (1). The aforementioned n-channel MISFET is 
constituted on the principal surface of the shallow p-type well region provided on the principal 
surface pan of the semiconductor substrate (1). The p-type well region (3) is provided in the deep 
n-type well region (2). The impurity concentration in the n-type well region (2) is higher than 
that in the semiconductor substrate (1). The impurity concentration in the p-type well region (3) 
is higher than rhat of the n-type well region (2). 

First, the constitution of p-channel MISFET will be explained. The p-channel MISFET, 
which constitutes peripheral circuits, comprises a gate insulation film (7) composed of a silicon 
oxide film on the surface of the n-type well region (4), a gate electrode ( 1 2) composed of a 
polycrystaliine silicon layer on top of the gate insulation film (7), and the p + -type semiconductor 
region (38), which is the source/drain region, on the surface of both side parts of the gate 
electrode (12) of the n-type well region (4). The planar shape of the p-channel MISFET is 
specified by the field insulation film (7) composed of a silicon oxide film. To the surface of the 
p*-type semiconductor region (38), which is the source region, a conductive layer (21) composed 
of a first aluminum is connected through a via hole (23). The conductive layer (21) is connected 
to the surface of the n-type well region (4) through a via hole (22). The n"-type semiconductor 
region (37) is provided in the part where the conductive layer (21) is connected on the surface of 
then-type well region (4). That is, Uie conductive layer (21) is connected to the surface of the 
n -type semiconductor region (37). The conductive layer (21) applies a power source potential 
(V'c), for instance, 5 V, to the source region of the p-channel MISFET. To the surface of the 
p"-type semiconductor region (38), which is the drain region of the p-channel MISFET, a 
conductive layer (27) composed of the first aluminum layer is connected. One end of the 
conductive layer (27) is connected to the drain region of the n-channel MISFET, which will be 
discussed later. The n-channel MISFET comprises a gate insulation film (7) on the surface of a 
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p-type well region (3), a gate electrode (12) on the gate insulation film (7), and an n + -type 
semiconductor region (39), which is the source/drain region, on both side parts of the gate 
electrode (12) of the p-type well region (3). The planar shape of the n-chaimel MISFET is 
specified by the field insulation film (6). A conductive layer (27) is connected through a via hole 
(29) to the surface of the n + -type semiconductor region (39), which is the drain region. A 
conductive layer (30) composed of the first aluminum layer is connected through a via hole (31) 
to the surface of the n~-type semiconductor region (39), which is the source region. The 
conductive layer (30) is connected to the surface of the p-type well region (3) through a via hole 
(32). In the part where the conductive layer (30) is connected to on the surface of the p-type well 
region (3), a p-type semiconductor region (40) is provided. That is, the conductive layer (30) is 
connected to the surface of the p*-type semiconductor region (40), The conductive layer (30) 
applies ground potential (V^) of the circuit, for instance, 0 V, to the n*-type semiconductor 
region (39), which is the source region of the n-channel MISFET. The gate electrode (12) on the 
p-channel MISFET or the n-charmel MISFET need not be made from polycrystalline silicon. It 
may be a high-melting-point metal film of Mo, W, Ta, Ti, etc., or a silicide film. Furthermore, it 
may be a double-layer film comprised of the aforementioned high-melting-point metal films or 
silicide film on top of a polycrystalline silicon layer. 

The p-type well region (3) in region A is provided in the n-type well region (2). The 
n-type well region (2) is formed more deeply and widely than the p-type well region (3). The part 
of the n-type well region (2) around the p-type well region (3) reaches the surface of the 
semiconductor substrate (I). A conductive layer (33) comprising the first aluminum layer is 
connected to the part of the n-type well region (2) which appears on the surface of the 
semiconductor substrate (I) by a via hole (34). An n-type semiconductor region (41) is provided 
in the part to which the conductive layer (33) is connected on the surface of the n-type well 
region (2). That is, the conductive layer (33) is connected to the surface of the n-type 
semiconductor region (41). The conductive layer (33) applies the power source potential (V cc ) ? 
for instance, 5 V, to the n-type well region (2). 

That is, a reverse bias is applied between the n-type well region (2) and the p-type wel! 
region (3). The electrons injected into the p-type well region (3) from the n-channel MISFET 
flow toward the n-type well region (2), since they are affected by the potential of the n-type well 
region (2), which is V cc . On the one hand, the holes which are injected from the p-channel 
MISFET through the n-type well region (2) toward the semiconductor substrate (1) cannot cross 
the barrier between the semiconductor substrate ( 1) and the n-type well region (2). That is, there 
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is no current flow between the p-channel MISFET of the semiconductor substrate (1) and the 
n-channel MISFET. 

A pplication Example 2 

Figure 4 is a top view of the complementary MISFET in Application Example 2, and 
Figure 5 is a cross sectional view along line A-A in Figure 4. In Figure 4, in order to clarify the 
constitution of the complementary MISFET, all insulation films except the field insulation film 
(6) are omitted from the illustration. 

In Application Example 2, a p-type well region (42) is provided on the principal surface 
part of the p'type semiconductor substrate (1); an n-type well region (43) is provided in this 
p-type well region (42); and a p-channel MISFET is constituted in this n-type well region (43). In 
this manner, latch-up of the complementary MISFET is prevented. 

In Figure 4 and Figure 5, the n-channel MISFET comprises a gate insulation film (7) on 
the surface of a semiconductor substrate (1), a gate electrode (12) on the gate insulation film (7), 
and an n"-type semiconductor region (39), which is the source/drain region, provided on the 
surface on both parts of the gate electrode (12) of the semiconductor substrate. A conductive 
layer (46) composed of the first aluminum layer is connected by a via hole (47) to the surface of 
the n-type semiconductor region (39), which is the source region. The conductive layer (46) 
supplies ground potential (V ss ) of the circuit. A conductive layer (48) composed of the first 
aluminum layer is connected by a via hole (49) to the surface of the n*-type semiconductor 
region (39), which is the drain region, a conductive layer (56) composed of the first aluminum 
layer is connected by a via hole (57) to the terminal part on the field insulation film (6) of the 
gate electrode (12). 

In the region where the p-channel MISFET of the semiconductor substrate (l)is to be 
provided, a deep p-type well region (42) is provided. A shallow n-type well region (43) is 
provided in the p-type well region (42). A p-type channel stop region (5) is provided on the 
surface of the semiconductor substrate (1) and the p-type well region (42) under the field 
insulation film (6) except for the n-type well region (43). 

The constitution of the p-channel MISFET will now be explained. The p-channel 
MISFET comprises a gate insulation film (7) on the surface of the n-type well region (43), a gate 
electrode (12) on the gate insulation film (7), and a p + -type semiconductor region (38), which is 
the source/drain region on the surface on both side parts of the gate electrode (12) of the n-type 
well region (43). One end of the aforementioned conductive layer (48) is connected by a via hole 
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(50) to the surface of the p*-type semiconductor region (38), which is the drain region, A 
conductive layer (52), which is composed of the first aluminum layer and to which the power 
source potential (V^), for instance 5 V, is applied, is connected by a via hole (51) to the surface 
of the p*-type semiconductor region (38), which is the drain region. The conductive layer (52) is 
connected to the surface of the n-type well region (43) by a via hole (53). A conductive layer (58) 
composed of the first aluminum layer is connected by a via hole (59) to the terminal part on the 
field insulation film (6) of the gate electrode (12). In the part where the conductive layer (52) is 
connected to the n-type well region (43), an n*-type semiconductor region (45) is provided. That 
is, the conductive layer (52) is connected to the surface of the n*-type semiconductor region (45). 

The impurity concentration of the aforementioned p-type well region (42) is made higher 
than that of the semiconductor substrate (1). That is, the resistance of the p-type well region (42) 
is less than iha\ of the semiconductor substrate (1). The impurity concentration in the n-type well 
region (43) is higher than that of the p-type well region (42). The part of the n-type well region 
(43) around the p-channel MISFET on the surface is exposed through a gap in the field insulation 
film (6). The p-type well region (42) is formed more deeply and widely than the n-type well 
region (43). The part of the surface of the p-type well region (42) around the n-type well region 
(43) appears on the surface of the sernicoonductor substrate (1). Surrounding the periphery of the 
n-type well region (43), a p + -type semiconductor region (44) is provided on the surface of the 
p-type well region (42). The surface of the p + -type semiconductor region (44) is exposed through 
a gap in the field insulation film (6). The planar shape of the p^-type semiconductor region (44) is 
specified by the field insulation film (6). A conductive layer (54) composed cf the first aluminum 
layer is connected by a via hole (55) to the prescribed part on the surface of the p f -type 
semiconductor region (44). The p + -type semiconductor region (44) is used to evenly impress 
ground potential (V ss ), for instance, 0 V, which is applied through the conductive layer (54), to 
the p-type well region (42). 

Latch-up of a complementary MISFET occurs as follows: a parasitic transistor is formed 
by using the p*-type semiconductor region (38), which is the drain region of the p-channel 
MISFET, as the emitter, the n-type well region (43) as the base, and the p'-type semiconductor 
substrate (1) as the collector. The collector current flows into the n + -type semiconductor region 
(39), which is the source region of the n-channel MISFET. However, since the p-type well region 
(42), which has a lower resistance than the semiconductor substrate (1), is provided around the 
n-type well region (43), and this p-type well region (42) is connected to the conductive layer 
(54), to which ground potential (Vss) of the circuit is applied, the collector current of the 



JUL-03-2033 09:47 TI 972 917 4417 P. 17 

15 

aforementioned parasitic transistor flows from the semiconductor substrate (1) through the 
conductive layer (54). Therefore, no current will flow between the p-channel M1SFET and the 
n-channei MISFET of the semiconductor substrate (1). 

In the present application example, the n-channel M1SFET is constituted on the principai 
surface of the semiconductor substrate. However, this n-channel MISFET may be constituted in 
the p-type wel) region instead. 

According to the new technology disclosed in the present application, the following 
effects can be realized: 

( L) Since a p-type well region, which has memory cells on the principal surface, is provided 
in an n-type well region, where the n-type well region is much smaller than the entire 
semiconductor substrate, the potential of the aforementioned n-type well region can be quickly 
increased when infoimation is to be erased. 

(2) Since the current required to raise the potential of the n-type well region is reduced due to 
the aforementioned point (I), the MISFET that constitutes the potential-raising circuit can be 
made smaller, and power consumption can be reduced. 

(3) Since an n-channel MISFET that constitutes a complementary MISFET is provided in a 
p-type well region, and furthermore, this p-type well region is provided in an n-type well region, 
the aforementioned n-type well region isolates the p-channel MISFET from the n-channel 
MISFET; thus, latch-up can be prevented from occurring between the p-channel MISFET and the 
n-channei MISFET. 

(4) As a result of the aforementioned point (3), an improvement in the performance of the 
complementary MISFET can be expected. 

(5) Since a p-channel MISFET that constitutes a complementary MISFET is provided in an 
n-type well region, and the n-type well region is provided in a p-type well region, and this p-type 
well region is connected to ground potential (V^ via wiring of the circuit, the collector current 
of the parasitic transistor is sunk by the aforementioned p-type well region. As a result, the 
occurrence of latch-up between the p-channel MISFET and the n-channel MISFET can be 
prevented. 

(6) Since the operation of peripheral circuits of memory cell array can be made stabilized at 
the time of writing of erasing information to and from memory cells, the EEPROM can be 
formed on the same chip as the microcomputer chip r etc. 
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The present invention was explained specifically on the basis of the application examples 
above. The present invention, however, is not limited to the aforementioned application 
examples. It can, of course, be modified within the scope of the essence of the present invention. 

For instance, the memory cell may comprise one MNOS type element or one MNOS type 
element and two MISFETs (switch-elements on the data line side and the writing element line 
side). Or, the memory cell may comprise a MISFET that has a floating gate. The present 
invention can be widely applied to various types of semiconductor devices such as 
semiconductor devices that electrically write and erase information to and from memory cells. 

Effect of the invention 

The effect that can be realized by typical embodiments of the present invention as 
disclosed can be briefly explained as follows: 

Since a well region is formed in another well region with the same or opposite 
conductivity type, the electrical characteristics of the semiconductor device can be improved. In 
particular, the operating speed and reliability can be improved. 

Brief explanation of the figures 

Figure 1 A and Figure IB are circuit diagrams for writing and erasing of a memory cell of 
EEPROM. 

Figure 2 is a top view of the aforementioned memory cell 

Figure 3 is a cross sectional view of MISFET and memory cell that constitute peripheral 
circuits of EEPROM. 

Figure 4 is a top view of a complementary MISFET. 

Figure 5 is a cross sectional view r along line A-A in Figure 4. 
Key: 1 Semiconductor substrate 

2,3,4,42,43 Well region 

5, 24, 25, 26, 38, 39, 40, 41 , 44, 45 Semiconductor region 
6 Field insulation film 
7, 8, 9, 35, 36 Insulation film 

10, 1 1, 12, 13, 15, 17, 19, 21, 27, 30, 33, 46, 48, 52, 54, 56, 58 Conductive layers 
14, 16, IS, 20, 22, 23, 28, 29, 31, 32, 34, 47, 49, 50, 51, 53, 55, 57, 59 Via hole 
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Figure 1A 




Figure IB 




Figure 2 
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Figure 3 

Key: 1 Region A 
2 Region B 




Figure 4 
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